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SUMMARI 

Several ejector configurations were investigated to determine the 
ability to handle the air required for engine cooling. The results 
presented are limited to investigations of conical -type mixing- section 
ejectors at ratios of mixing- section minimum diameter to prlmary-Jet- 
nozzle diameter of 1.21, 1.10, and 1.00 xislng unheated air. Results 
were cross-plotted in charts to show the performance of ejectors with 
configurations within the range of those investigated. 

The experimental results showed that for diameter ratios of 1.21 
and 1.10 the spanlng giving TnaxiTmim air flow varied with diameter 
ratio hut did not vary with primary and secondary pressure ratios. 
Ejector operation at a diameter ratio of 1.00 was comparatively crit- 
ical and use of diameter ratios close to 1.00 should he avoided. The 
ejectors investigated conducted secondary air flows of less than 15 per- 
cent of the primary edr flow when the secondary pressure ratio was less 
than or equal to 1.0; in general, the thrust obtained hy use of a 
conical -mixing- section ejector varied only sll^tly fTcm that developed 
hy the primary Jet alone hut a smal 1 decroase in thrust was noted with 
configurations having a large spacing between the primary” Jet exit and 
the mixing- section exit. 


33m»UUCTION 

Temperature limitations in the development of high“P©rformance 
turbojet engines and in the developnent of thrust augmentation hy 
such means as tail-pipe burning are of concern at the present stage 
of Jet-engine development. The air ejector as a slnqple, llf^t-welght 
unit for punrping cooling air is promising as a solution to hlgh- 
temperatioc'e problems. The ejector as a pumping device and as a thrust 
augaentor has been the subject of numerous investigations, both theo- 
retical end experimental. 
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MethoflB of tiieoretical analysis of ejectors are developed In 
references 1 and 2; reference 1 also presents restilts of Investiga- 
tions of ejectors having ratios of mlilng-sectlon minimum diameter 
to primary- Jet-nozzle diameter D /d from approximately 15.5 to 23.5 

vlth streilght mixing sections after the conical mixin g section. Other 
Investigations have heen made with conlceJ.' -mlxIn g-sectlon ejectors 
having smaller diameter ratios. In general, however, the avallahle 
ejector data apply to ejectors having diameter ratios too large to make 
them applicable to turbojet cooling problems. 

Tn order to extend the renge of existing performance data end to 
determine means of applying model-ejector data to the design of full-scale 
ejectors, the NACA Cleveland laboratory Is conducting an experimental 
and anal^lcal Investigation of coollng-alr ejectors. The purpose of 
this Investigation Is to establish the performance of various ejector 
configurations capable of pumping small quantities of secondary air 
(frcan 5 to 30 percent of the quantity discharged by the primary- Jet 
nozzle) and to correlate the results with ejector theory. Experimental 
performance data obtained with model ejectors having conical mixing 
sections and dlaiaeter ratios of 1.21, 1.10, and 1.00 over a range of 
primary pressure ratios Pp/P^ and secondary pressure ratios Pq/Pq 

are presented. In order to minimize the scale effect, the model ejec- 
tors were made as large as possible (primary- Jet diameter, 4.0 In.), 
being limited cmly by the available air capacity. This type of ejector, 
althou^ Boaswhat less efficient in performance than some configura- 
tions, Is of Interest In that It Is simple to construct. Is more d\irable 
than many other configurations , and adapts Itself well to nacelle and 
■fco rear-fuselage installations . The Investigation was conducted with 
a conical prlmary-Jet nozzle having a discharge diameter of 4 Inches. 

The edr was unheated. The ejector noraenclature used herein is defined 
In figure 1. 


APPARATUS 

The apparatus used for the model— ejector Investigation Is sche- 
matically shown in figure 2. The hlgh-veloclty air of the primary 
Jet dischargee Into the mixing section and induces secondary flow 
throu^ the concentric mixing section. The performance of an ejec- 
tor can be evaluated by measuring the amount of secondary air flow 
Induced and the Increase In thrust duo to the secondary flow at vari- 
ous combinations of prlmary-total-pressure ratio and secondary- 
pressure ratio. 
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The primary and secondary systems are so separated as to permit 
measurement of the flow through each and to control Independently the 
total pressures . In both systems , air flow is measured by standard 
A.S.M.E. sharp-edged orifices. Temperatures are measured by Iron- 
constantan themocouples and a potentiometer. For the primary-jet 
nozzle, the temperature and total-press\ire measuring station Is 
located 4 diameters upstream of the primary-nozzle exit and the sec- 
ondary measuring station Is fixed 17 Inches upstream of the prlmary- 
Jet-nozzle exit. The temperatures of both the primary Tp and sec- 
ondary T_ edr supply were approximately 80° F during these Invest!- 

gatlons. Thrust Is measured by a balanced-diaphragm- type measxtrlng 
device . 

The model air ejectors are made as large as the available air 
capacity will allow in order to minimize the scale effect. The 
primary- Jet nozzle is a conical section with a 15° half-cone angle 
a, an exit diameter of 4.0 inches, and an approach pipe with a 
5.0- inch inside diameter. The conical mixing section has a 15 
half-cone angle end a 10.0- inch-diameter approach pipe. Changes in 
the spacing between the exit of the primary- Jet nozzle and that of 
the secondary mixing section were made by Inserting straight flanged 
spacers in the approach pipe aheeid of the conical mixing section. 


EESULTS AND DISCUSSION 


Experimental Data 


The effect of primary pressure ratio 




and secondary pressure 


ratio fc/Pr, on Indicated secondary weight flow W for a fixed 

configuration Is of great significance. Figure 3 presents ejector- 
characteristic curves that ere typical of the conical-type mixing- 
section ejectors investigated. These cxirves show the variation of 
secondary weight flow with primary pressxrre ratio for several sec- 
oridary pressure ratios. At a primary pressure ratio of l,(no primary 
flow) , the secondary weight flow Is a. function of secondary pressure 
ratio alone. With secondary pressure ratios greater than 1, Increas- 
ing the primary pressiUTe ratio rapidly blocks the secondary flow , 
which had been using the total flow area. With secondary pressure 
ratios less than 1, however, increasing the primary pressure ratio 
progressively blocks the backward flow through the secondary mixing 
section (not shown in fig. 3) until a positive secondaiy flow is 
obtained. 
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The secondajry veight fTov reaches a peak value and then decreases 
vlth further increases in primary pressure ratio for the two s mal ler - 
diameter-ratio ejectors. This trend is apparently caused hy a change 
in the primary- Jet-stream configiaration, "vdilch progressively fills more 
of the mixing- section flow area thereby blockings to varying degrees^ 
the secondary flow. 

This phenomenon occvirred q.\dte consistently in the experiments 
but with Varying effectiveness, being less effective at larger diameter 
ratios- For example, the l.ZL diameter-ratio ejector (fig. 3(a)) 
shows only a sli^t over-all blocking effect between primary pressure 
ratios of 1.8 and 2.0; whereas the secondary weight flow for the 
1.00-dlameter-ratio ejector (fig. 3(c)) rapidly decreases to zero 
slightly beyond a primary pressure ratio of 1.8. Figure 4 shows a plot 
of secondary wei^t flow ¥g against primary weight flow Wp for sec- 
ondary pressure ratio of 1.000 for the configurations of figure j. 


Generalization of Experimental Data 

The data for each configuration are plotted nondlmensionally in 
figures 5 to 7. Because the model was comparatively large, the model 
data can probably be applied to ejectors of various sizes with negli- 
gible scale effect. These curves present secondary- to-primary-welght- 

flow ratio W hereinafter designated weight-flow ratio plotted 

s P 

against primary pressure ratio for a series of secondary pressure 
ratios. Theoretically, the curves of weight-flow ratio at secondary 
pressure ratios greater or less than 1 extend to positive and negative 
infinity, respectively, as the primary pressure ratio decreases to 1.0. 
These phenomena are indicated in figures 5 to 7 by the rapid rise in 
wei^t-flow ratio that accompanies decrease in primary pressitre ratio 
at secondary pressure ratios greater than 1.0 and by the decrease in 
weight-flow ratio that occurs when the secondary pressure ratio is 
less than 1. For a secondary pi^ssure ratio of 1.0, however, as the 
primary pressure ratio approaches 1.0, the weight-flow ratio approaches 
a value of the slope of the curve at zero as shown in figure 4. 


Spacing for Maximum Wei^t-Flow Ratio 

Figure 8 consists of cross plots of figures 5 to 7 showing 
weight-flow ratio plotted against spacing s/D^ at various secondaiy 

pressure ratios and various primary pressure ratios, a diameter 

ratio of 1.21 or 1.10, as shown in figures 8(a) and 8(b), the spacing 
that produces maximum wel^t-flcw ratio is unchanged by change in 
secondary pressure ratio or in pr ima ry pressure ratio. 
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At a diameter ratio of 1.00, however, the spacing appears to he much 
more critical, as shown in figure 8(c). There is a slight decrease 
in spacing for maT-T-miim weight-flow ratio with decreasing secondary 
pressure ratio and a definite decrease in this spacing ■vriLth increas- 
ing primary pressure ratio. For the secondary pressure ratios of 

1.000 and 0.985 at a diameter ratio of 1.00, the secondary weight-flow 
under most conditions was so small that a hi^ degree of accuracy was 
unobtalnahle with the apparatus used. Therefore, the wel^t-flow ratios 
indicated in figure 8(h) for secondary pressure ratios less than 1.050 
are q^uestionahle. The curves show, however, the approximate weight- 
flow ratios to he expected and give an indication of the critical oper- 
ation of ejectors at the diameter ratio of 1.00. The range of spaclngs 
for positive ejector pumping action decreases and shifts to sma ller 
spacings with decreasing diameter ratio. At a diameter ratio of 

1.00 (fig. 8(c)), the range also decreases with increasing primary pres- 
sure ratio and decreasing secondary pressure ratio; therefore, the 
spacing for an ejector design of this diameter ratio must he carefully 
selected to Insure positive pumping action at all operating points over 
a range of pressure conditions, "niis relation further emphasizes the 
fact that ejector operation at a diameter ratio of 1.00 is canpara- 
tively critlcel and should he avoided on tuiho Jet-engine installations. 


Ejector Thnist 

The effect of the use of an ejector located within the spacing 
range for maximum weight-flow ratio on total thrust is shown in figure 
S. The solid line is the cm^ve of thrust developed hy the primary- jet 
nozzle alone and is plotted against primary pressure ratio. The data 
TDolnts represent values of thrust obtained with ejector configurations 
of diameter ratios of 1.21, 1.10, and 1.00 at several secondary pres- 
sure ratios. The plot indicates a slight decrease in thrust from use 
of the ejectors. The effect on thrust of varying the spacing of ejec- 
tors having diameter ratios of 1.21, 1.10, and 1.00 are shown in figures 
10(a), 10(h), and 10(c), respectively. These curves Indicate a decrease 
in thrust with an increase in spacing. At s mall spaclngs and some pres- 
sure conditions, total thrust is sli^tly greater than primary thrust. 

Tn general, however, the conical nozzle ejector has little effect on 
jet thrust. 


Ejector Configurations for Constant 
Weight -Flow Ratio 

Charts were constructed from figure 8 to show the variation of 
spacing s/Dp with diameter ratio D^/Op for constant weight-flow 
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ratio W /V (fls* ll). 
B p 

primary pressvire ratio 


Each chart has been plotted for one particular 
P,^/Pq and one secondary pressure ratio Pa/1’0* 


The lines of constant welglit-flow ratio define a aeries of 

ejector configurations that will pump a particular weight-flow ratio 
uiader the stated primary and secondary pressure conditions. There is a 
mlnlmuDi value of diameter ratio and of spacing that will pump each value 
of weight-flow ratio. In figure U(a), lines of minimum diameter ratio 
and minlnrum spacing have been drawn through the respective minimum points. 

The ejector configurations bounded by the lines of minimum diam~ 
eter ratio end minimum spacing are the configurations that will; in 
general^ be of interest to ejector designers. Within this region the 
designer has a certain emount of latitude in tiie selection of spacing 
and diameter ratio for a particular value of weight-flow ratio. Reduc- 
tion in the req.uired spacing can be obtained by increasing the diameter 
ratio the proper amount; the inverse is also true. Outside of this 
range of configurations, however, both diameter ratio and spacing must 
be increased to obtain a particxilar value of weight-flow ratio. 


At some pressure conditions, particularly those of higher second- 
ary pressure ratios, the configurations at minimum spacing were not 
reached within the range of diameter ratios and positive spacings inves- 
tigated. The charts, however, indicate that the designer can mah© 
considerable reduction in spacing from that used at the minlnrum diam- 
eter ratio. 


Selection of Ejector Design 

Considerable reduction in spacing from spacing at minimum diameter 
ratio can be realized by increasing the diameter ratio (fig .11). In 
airplane installations, use of ejectors with the minimum spacing is 
desirable because of space limitations and also because the s m aller 
spacings provide the least loss in thrust. Design limitations deter- 
mine the amount of increase in diameter ratio that can be allowed in 
order to obtain reduction in spacing. 

In addition, consideration must be given to the performance of the 
ejector at several operating conditions, particularly if several criti- 
cal conditions exist around which the ejector must be designed. The 
pumping characteristics over a range of pressure conditions can be 
varied to a limited extent by selection of spacing and diameter ratio. 
An example of variation in pmping characteristics that can be obtained 
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with two ejectors that pvrnip the same weight flow at a particular design 
operating condition is given in figure 12. One configuration is the 
minimum-diameter-ratio configuration and the other is at the minimuni- 
spacing configuration. Figure 12(a) shows the variation of the wel^t- 
flow ratio with secondary pressure ratio P /p^ for the two configura- 

tions, and 12(h) shows the wei^t-flow ratio plotted against primary 
pressure ratio P /p . Both plots indicate that the ejector at minimum 

P 0 

spacing gives the least deviation in weight-flow ratio frcm that at the 
design pressure condition. 


SUMMAET OF EESULTS 

Perfomance Investigations were conducted on model conical -mixing- 
section ejectors with ratios of mixing- section minimum diameter to 
primary- Jet-nozzle diameter of 1.21, 1.10, and 1.00, and several axial 
spaclngs, using unheated air. Eesults were cross-plotted in order to 
show the performance of ejectors with configurations within the range 
of those investigated. The ejectors investigated conducted secondary 
air flows of about 15 percent of the primary flow when the secondary 
pressure ratio was less than or equal to 1.0. In general, the net thrust 
of the ejector was negligibly different from the thinist of the primary 
Jet alone. 

The ejector spacing required to pump maximum weight flow was inde- 
pendent of primary and secondary pressure ratios for diameter ratios of 
1.21 and 1.10. The spacing for the 1 .00-dlameter-ratio ejector varied 
considerably with primary pressure ratio and to a lesser extent with 
secondary pressure ratio. The range of spaclngs giving measurable sec- 
ondary weight flows decreased rapidly with decrease in diameter ratio 
to an extremely narrow useful spacing range at a diameter ratio of 1.00. 
The narrow range of usable spaclngs and the variation of ejector effec- 
tiveness with change in primary and secondary pressure ratio indicated 
that operation of the 1.00-diameter-ratio ejector was very critical. 

The use of ejectors with diameter ratios near 1.00 should therefore be 
avoided. The larger the diameter ratio the less sensitive the ejector 
was to operational and constructional variables. 


Fli^t Propulsion Ee search Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio- 
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Dp exit diameter of primary nozzle 
Dg exit diameter of mixing section 
Pp total primary pressxire 

?_ total secondary pressure 

s 

Po ambient pressure 

S distance from primary exit to mixing- section exit 
Tp primary air temperature, °p 
Tg secondary air temperature, °P 
Wp primary weight flow, Ib/sec 
Wg secondary weight flow, Ib/sec 
a half- cone angle, deg 
primary pressure ratio 
^s/Po secondary pressure ratio 

Figure 1. - Nomenolatiir* for ejectors with conical mixing sections. 
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plgiire 3* - Effect of primary and secondary pressure ratios on induced secondary 
weight flow for conlcal**mixing-aection ejector* secondary-to-priraary-air 
temperature ratio Tg/T«# 1*0. 
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secondary weight flow for conlcai-mlxlng-sectlon ejector, Secondary-to-primary- 
air temperature ratio l.O, 


Secondary weight flow 




.4 



(c) spacing s/T5p, 0.440; diameter ratio 

Dg/Dp, 1.00. 


plgiore 3. - Concluded. Effect of primary and second- 
ary pressure ratios on induced secondary weight 
flow for conical -mixing-section ejector. Secondary^ 

to-priraary-air temperature ratio T /T_t 1.0. 

S 



secondary weight flow, Ib/aec 
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Figure 4 , - variation of secondary weight flow with primary 
weight flow for three ejectors. Secondary pressure ratio 
Ps/Pq» 1.000. 
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primary pressura ratio, ^j/Vq 
(b) spacing S/Bp» 0 . 266 , 

Figure 5* - Continued, Effect of p . Imary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conlcal^lxlng-section ejector 
having diameter ratio of 1.21* seoondary-to-prlmary-alr temperature ratio 

T /t t l.O, 

s p 


weight -flow ratio, Wa/W 
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Weight-flow ratio, W /W. 
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Figure 5. - Continued, Effect of primary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conical-mixing-section ejector 
having diameter ratio of 1.21. secondary-to -primary-air temperature ratio 

Tg/Tp. 
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Figure 5. - Continued* Effect of primary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conlcal-mixlng-sect ion ejector 
having diameter ratio of 1.21* secondary-to-prlmary-air temperature ratio 

W 



,6 1.8 2.0 2.2 2.4 2.6 2.8 


ry pressure ratio, 

f) spacing S/Dpf 1.795. 

Effect of primary and secondary pressure ratios and 
ight-flow ratio for a coni cal-mixlng-sect Ion ejector 
of 1.21, secondary-to-primary-air temperature ratio 




Weight-flow ratio, Wg/w. 
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Figiire 5* - Continued* Effect of primary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conical-mixing— section ejector 
having diameter ratio of 1*21. secondary-to-prlmary-alr temperature ratio 
Tg/Tp, 1.0. 
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Primary pressure ratio, Pp/pQ 
(h) spacing s/Dp» 3.480. 

Figure 5. - Concluded. Effect of primary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conical-mixing-section ejector 
having diameter ratio of 1.21. secondary-to-prlmary-air temperature ratio 


Weight-flow ratio, W /w 
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Primary pressure ratio, Pj/Pq 
( a) spacing s/Op, 0.234, 


Figure 6# - Effect of primary and secondary pressure ratios and spacing 
on ejector weight-flow ratio for a conical -mixing-section ejector 
having diameter ratio of 1*10. Secondary-to-primary-air temperature 

ratio T /t f 1#0* 
s p 


NACA 


24 


NACA RM No. E8D23 


« 



o 

iO 

to 


o 

T? P -H 
C O 
otf -P 0} 

o U 
n 0> 

O o 

0$ C -p 
^4 O aj 
•H 

<D 43 0) 
U O fX 

3 © e 

in 03 ® 
to I 43 
(D bO 
P 4 C P 4 
Pl,^ •r^ 

X 

s? 

p <s e 

o o 
C «H ^ 
C P< 

O I 

o o 

43 
cd I 


0 ) 

^4 

cd 


o> 

0 ) 

§ 


P4 

o cd 

O 

P Qh T5 

\ 

as C 

CO 

O o 

-H o 

to 

P 43 ® 

p 

Oi OJ CO 

t4 


o 


od 

o > • 

Pi 

o o 

CO 

+3 rH r-l 
O ^ • 


© 1 rH 


<Vh P 


Ch ^ <iH 


W tc o 



&4 





tt/ M 


Figure 6# - Continued* Effect of primary and secondary pressure ratios and 
spacing on ejector weight-flow ratio for a conlcal-mlxlng-sectlon ejector 
having diameter ratio of 1*10* Secondary-to-prlmary-alr temperature ratio 
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Figure 6» - Concluded* Effect of primary 8ind secondary pressure ratios 
and spacing on ejector weight-flow ratio for a conlcal-mlxing-aection 
ejector having diameter ratio of I.IO* Secondary-to-primary-air 
temperature ratio T /t p 1.0* 



weight -flow ratio, W-/W. 
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Figure 7. - Effect of primary and secondary pressure 
ratios and spacing on ejector weight-flow ratio for 
conical-raixing-section ejector having diameter ratio 
of 1.00, secondary-to-primary-air temperature ratio 

Tj/Tp, 1.0. 


Weight-flow ratio, Wg/w 
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1.0 1.2 1.4 1.6 1.8 2.0 

primary pressure ratio, Pp/Po 

(d) spacing s/d^, 0.770. 

Figure 7. - Concluded. Effect of primary 
and secondary pressure ratios and spacing 
on ejector weight-flow ratio for conical- 
mixing-section ejector having diameter 
ratio of 1.00. Secondary-to-primary-alr 
temperature ratio T /t , 1.0. 



weight-flow ratio, Wg/W 






Weight-flow ratio, Wg/W 
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plgiire Q, - continued. Effect of spacing on ejector weight-flow ratio for 
selected primary and secondary pressure ratios. Secondary-to-prlmary- 
alr temperature ratio T./t » 1*0. 

3 p 






weight-flow ratio, W^/W 
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(a) Continued. 


Diameter ratio 


Dg/Dp, 1.21; 




1 , 8 - 


priinary pressure ratio 



Pp/Po» 2.0. 


Figure 0a - Continued, Effect of spacing on ejector weight-flow ratio for 
selected primary and secondary pressure ratios, Secondary-to-primary-air 
temperature ratio Tg/Tp» 1,0, 




weight -flow ratio, W,/W, 
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(a) Continued. Dlarneter ratio D_/d j 1.21; primary pressure ratio 

s p 


p/Pq. 2.2. 




— 


— 






















* > 
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- — 


> 

/ 

A 

/ ^ 
/ 
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/ 

/ 




T 



Secondary pressure 
ratio, Pg/Po 

1.050 

1.000 

.985 

,925 



0 .4 ,8 1,2 1,6 2.0 2.4 2.8 3.2 

spacing, s/Dp 

(a) Continued, Diameter ratio D /d 1.21; primary pressure ratio 

P/Pg! 2.4. 

Figure 8, - Continued. Effect of spacing on ejector weight-flow ratio 
for selected primary and secondary pressure ratios, Secondary-to- 
prlmary-air temperature ratio Tg/T^# 1*0, 



weight -flow ratio 
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?p/Pq, 2.8. 


Figure 8. - Continued. Effect of spacing on ejector weight-flow ratio for 
selected primary and secondary pressure ratios. Secondary-to -primary- 
air temperature ratio Tg/Tp» 1.0. 



Walght-flow ratio, 


NACA RM No. E8023 




W»lght-flow ratio, 
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(b) Continued* Dlsuneter ratio 

primary pressure ratio Pp/P^^ 1*8, 



(b) 


:ontinued* Diameter ratio D /d , 1 
primary pressure ratio Pp/PQ» 



Figure 8. - Continued* Effect of spacing on ejector 
weight-flow ratio for selected primary and second- 
ary pressure ratios* secondary-to-primary-alr 
temperature ratio. T^/T# 1*0# 
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(b) Continued. Diameter ratio t)g/Dp, l.lOj 
primary pressure ratio Pp/PQ# 2.2. 



Q (b) Continued. Diameter ratio Ds/Dp, 1.10; 

2 primary pressure ratio P /p > 2,4. 

4 P 0 



(b) 


Continued. Diameter ratio D /d » 1.10; 

,3 P 

primary pressure ratio pVp , 2.6. 



0 .4 .8 1,2 1,6 2,0 2.4 


spacing, s/Dp 

(b) Concluded. Diameter ratio D^/Dpi 1.10; 
primary pressure ratio Pp/PQ» 2,8. 

Figure 8. - Continued. Effect of spacing on ejector 
weight-flow ratio for selected primary and secondary 
pressure ratios. Secondary- to-prlroary-air tempera- 
ture ratio Tg/Tp, 1.0. 
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(c) 

Diameter ratio 
Dg/Dp, 1..00; pri- 
mary pressure 
ra^l.0 ^ X*2* 

























(c) continued. 
Diameter ratio 
Ds/Dp, 1.00; pri- 
mary pressure 
ratio Pp/Po* l.S* 



(c) Continued. 
Diameter ratio 
Dg/D , 1.00; pri- 
mary^pressure 


ratio 


Pp/Po 


1.4. 



(c) Concluded. 
Diameter ratio 
Dg/Dp, 1.00; pri- 
mary^ pressure 
ratio Pp/Po» 



(c) Continued. 
Diameter ratio 
Dg/Dp, 1.00; prl- 
mar y^pr e s siiT e 
ratio Pp/Po» 


secondary pressure 
ratio, Pg/Po 

1.050 

1.000 

.985 


spacing, s/Dp 


Figure B. - Concluded. Effect of spacing on ejec- 
tor weight-flow ratio for selected primary and 
secondary pressure ratios. Secondary-to-primary- 
air temperature ratio Tg/Tp, 1.0. 
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1.0 1^2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.0 

Primary pressure ratio, Pp/p^ 

plgiire 9. - Comparison of ejector thrust (at spacing for maxlmun weight-flow 

ratio) with primary- Jet thrust. 
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(a) Diameter ratio Dg/D^i 1.21. 

Figure 10. - Effect of spacing on ejector thrust for a conlcal-mlxing-section 
ejector at a secondary pressure ratio of 1.000* 



spacing, s/Dp 

(b) piameter ratio D 1.10, (c) Diameter ratio 

Figure 10, - Concluded. Effect of spacing on ejector thrust for a 

conical -mlxlng-sectlon ejector at a secondary pressure ratio of 1.000 
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Figure 11 , - variation of spacing with diameter ratio 
for constant weight-flow ratios and constant pressure 
ratios* 
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1.00 1.04 1.08 1.12 1*16 1.20 1.24 

Diameter ratio, 

(a) Continued, secondary pressure ratio Ps/Pq# 
0.925? primary pressure ratio Pp/p^, 1.6. 

Figure 11. - Continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Figure 11# - Continued* Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios* 
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(a) continued, secondary pressure ratio Pj/Pg» 
0.925; primary pressure ratio Pj/Pq, 2,0, 

plguT6 11# - Continued* variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios* 
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Diameter ratio, 

3 P 

(a) Continued, secondary pressure ratio Pj/Pof 
0.925; primary pressure ratio Pp/Po» S«2. 

Figure 11. - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Figure 11* - Continued* Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios* 
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Diameter ratio, Dg/Dp 

(a) Concluded, secondary pressure ratio Pg/p^» 
0.925; primary pressure Pp/PQ# 2.8. 


Figure 11. - continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Diameter ratio, D /d 
s p 

(b) Continued. Secondary pressure ratio Pg/pQ, 
0.985; primary pressure ratio Pp/pQ, 1*6. 

Figure 11, - Continued, Variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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(b) Continued, secondary pressure ratio Pg/Po» 
0.985J primary pressure ratio Pp/PQ» 


Pleure 11. - Continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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(b) Continued. Secondary pressure ratio P^/Pq# 
0.985; primary pressure ratio Pp/Po» 2.0. 


Figure 11. - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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1.00 1.04 1.08 1.12 1.16 1.20 1.24 

Diameter ratio, D /d 
s p 

(b) Continued. Secondary pressure ratio Pg/PQ* 
0.985; primary pressure ratio Pp/Pg* 2.2. 

Figure !!• - Continued, Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Diameter ratio. 


d/d 


P 


(b) Continued* Secondary pressure ratio Pg/Po* 
0.985; primary pressure ratio Pp/Po» 2.4. 

Figure 11. - Continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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P« 



Diameter ratio, 

(b) continued. Secondary pressure ratio ? /Pq» 
0*985; primary pressure ratio 


Figure 11# 
diameter 
constant 


- Continued. Variation of spacing with 
ratio for constant weight-flow ratios and 
pressure ratios# 
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1.00 1.04 1.08 1.12 1.16 1.20 1.24 

Diameter ratio, D /d 

B p 

(b) Concluded, secondary pressure ratio Ps/Pq# 
0.985; primary pressure ratio Pp/PQ» 2.8. 

Figure 11. - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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plajnoter ratio, Dg/Dp 

(c) Secondary pressure ratio Pg/Po» 1*000; prl 
mary pressure ratio Pp/Po^ 1*4. 


Figure 11, - continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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1*00 1.04 1.08 1.12 1,16 1.20 1.24 


Diameter ratio, 

(c) Continued, secondary pressure ratio Pg/PQ> 
1.000; primary pressure ratio Pp/pQ» 

Figure 11. - Continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Diameter ratio, D /d 


(c) Continued# secondary pressure ratio 
p /pq, 1.000; primary pressure ratio 

Figure 11. - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios# 
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(c) Continued ^ ^ ^ 

1.000; primary pressure ratio Pp/pg, 


Secondary pressure ratio . 

# 3 


2 . 0 * 


Figure 11, - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 


62 


NACA RM No. E8023 



l.OOU; primary c 

Plffure 11. - Continued. Variation of spacing with 
^diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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1,00 1.04 1.08 1,12 1.16 1.20 1,24 

Diameter ratio, D /d 
S p 

(c) Continued# Secondary pressure ratio p /Pn» 

s u 

1,000; primary pressure ratio P /p , 2.4, 

P 0 

Figure 11, - Continued, variation of spading with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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plgiire 11 . - Continued, variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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1.00 1,04 1.08 1.12 1,16 1,20 1.24 

Diameter ratio, D /x>- 

3 p 

(c) Concluded* secondary pressure ratio P./Po# 
1*000; primary pressure ratio Pp/PQ* 2*8* 

Figure 11* - Continued^ Variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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(d) Continued, socondary pressure ratio P-/Pq» 
1,050; primary pressure ratio Pp/p^* 1,6. 


Figure 11, - Continued, Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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(d) continued. Secondary pressure ratio 
p /p^, 1 . 050 ; primary pressure ratio 

Figure 11 . - Continued. Variation of spacing with 
dl8Lmeter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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1.00 1*04 1.08 1.12 1,16 1.20 1.24 

Diameter ratio, D^/Dp 

(d) Continued. Secondary pressure ratio 
Pg/p^, 1.050? prlmar'y pressure ratio 

• VPo’ 2-0- 

Figure 11. - Continued, variation of spacing v/lth 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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piameter ratio, Dg/Dp 

(d) Continued* Secondary pressure ratio Pg/PQ» 
1.050; primary pressure ratio Pp/Pg* 2.?. 

Figure 11. - continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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1.00 1.04 1.08 1.12 1.16 1.20 1.24 

Diameter ratio, Dg/Dp 

(d) Continued, secondary pressure ratio Pg/PQ» 
1.050; primary pressure ratio Pp/PQ* 2.4. 

Figure 11. - Continued. Variation of spacing with 
diameter ratio for constant weight-flow ratios 
and constant pressure ratios. 
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1.050; primary pressure ratio Pj/Pq* 

PlKure 11. - continued, variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 
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Diameter ratio, Dg/Up 

(d) Concluded, Secondary pressure ratio P^/Pq* 

1,050; primary pressure ratio Pp/P^^ 

Figure 11, - concluded. Variation of spacing with 
diameter ratio for constant weight-flow ratios and 
constant pressure ratios. 


Weight-flow ratio, 'Njvt 
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secondary pressure ratio, P 3 /P 0 

(a) variation of weight-flow ratio Wg/Wp at design primary 
pressure ratio Pp/Po 2.4, 



Figure 12. - Comparison of performance of minimum- diameter-ratio 
configuration with minimum- spacing configuration for variation 
of primary and secondary pressure from design pressure oonditions 


NACA - Langley Field, Va. 




